We check the large N transition proposed by Aganagic and Vafa and further studied by Diaconescu, Florea and Grassi using the large N limit of the corresponding ChernSimons two matrix model. We find the spectral curve and calculate the genus zero free energy.
Introduction
The conifold transition is a duality between open and closed strings. In the topological A-model, this is a duality between the open string model on the deformed conifold and the closed string model on the resolved conifold. This was originally studied by taking the partition function of large N Chern-Simons (CS) theory on S 3 expanded in a 't Hooft limit and then summing over the holes to get a closed string theory [1, 2] . A worldsheet proof of this duality has since been provided [3] and generalized in [4] .
It is interesting to extend this duality. One possible generalization is the local conifold, a Calabi-Yau (CY) that locally looks like a conifold but has an extra vertex in its toric diagram. The large N transition for this type of geometry was conjectured in [5] and further investigated in [6] . The all genus partition function for closed strings has been calculated using BPS invariants. The open string story is more complicated.
Since the A model geometry is not a cotangent bundle the Chern-Simons theory receives
open string instanton corrections [7] . Nevertheless, the corresponding CS free energy has been calculated [6] and the Kahler parameters for open and closed strings have been
related. An interesting half integral shift in the second Kahler parameter is observed.
We want to stress that since the shift is not seen at the tree level the only available calculation that confirms this shift is that of Diaconescu, Florea and Grassi. A more simple alternative calculation would provide us with an additional insight.
Fortunately, there is a way to write the CS partition function as a matrix model integral [8, 9] . In addition, the mirror B model geometry can be obtained by taking the large N limit of the matrix model. The mirror to the local conifold is known, we will show that the spectral curve of the corresponding matrix model matches this B model geometry, thus providing further evidence of the proposed duality. Moreover,
the dictionary between open and closed string sides is derived using not only the free energy but also geometry, importantly we confirm the half integral shift found in [6] . This is the main result of the article. We also calculate the genus zero free energy using the matrix model. The technique we use to get the spectral curve is inspired by [10] where spectral curves for hermitian two matrix models are studied.
In the second section we give a concise description of the CY geometry from the A and B model sides. The third section is devoted to the matrix model integral and the equations of motion. The spectral curve is found and discussed in section 4.
Geometry
In this section we briefly introduce the underlying CY geometry. For details see [5, 6] .
We start with the deformed local conifold Y in the A model. [7] . The size of the S 3 is a complex structure moduli therefore A model amplitudes are insensitive to it.
Taking the S 3 to the zero size leads to a singular CY that locally looks like a conifold.
The singularity can be resolved by blowing up a P 1 . The geometric transition maps the open topological model on the deformed local conifold Y to the closed string model on the resolved CYỸ that has two Kahler parameters,t ands, the sizes of the two P 1 's.
In terms of the gauge theory the transition leads to the large N limit of the CS theory.
If embedded in the full string theory this geometric transition describes dissolving N D6-branes wrapped on the vanishing S 3 and replacing them by a flux. This large N duality was conjecture by Aganagic and Vafa in [5] and further studied by Diaconescu, Florea and Grassi in [6] .
There is the mirror side of the story. The mirror to Y is the resolution of the following singular CY [11, 12] Chern-Simons [7] . The large N transition for this geometry closes the web of mirrors and large N transitions giving us the mirror toỸ , the A model resolved CY. The mirror ofỸ is the deformed CY X
which is written in the flat coordinates [13] . The web of the mirror maps and the large N transitions is summarised on fig.1 The genus zeroŝ dependent part of the free energy for closed strings in the resolved geometryỸ was found in [5] by computing classical periods in the mirror B model geometry X. It was compared with the disk computations for open strings. Furthermore, theŝ dependent part of the all genus partition function for closed strings was derived using BPS invariants. Thet dependent part of the all genus free energy was obtain in An alternative computation of the CS partition function can be done by using matrix models. Moreover, the spectral curve of the matrix model is a part of the mirror to the large N dual geometry. In this context, CS matrix models are a powerful tool for studying relationship between closed and open string parameters. The corresponding matrix models were introduced in [9] . They differ from more familiar hermitian models by the measure factor. The integration goes over the unitary group. CS matrix models have been used to study the large N dualities for the conifold [9] , the orbifold of the conifold [14] and the lens spaces [15, 16] .
In this paper we find the spectral curve of the CS matrix model for the local conifold and confirm eq. (2.3).
Matrix model
The local conifold under consideration contains the lagrangian S 3 over which N D-branes are wrapped. Since the geometry is not a cotangent bundle the CS theory gets modified by open string instanton corrections [7] . The corresponding two matrix model for the CS theory has been proposed in [9] and reads
where the measure factor is
and the potentials are given by
The integration measure is the Haar measure on the space of two commuting unitary matrixes. The two extrema of the matrix model action correspond to the north and south poles of the holomorphic P 1 in the blown up B model geometry (2.1). That is a characteristic feature of CS matrix models, their potentials encode the mirror B model geometry. It has a simple explanation since CS matrix models can also be seen as coming from holomorphic CS on the B model side.
The matrix model has two sets of eigenvalues. They interact only through the linear term i u i v i . This gives a hint that one should look at a similar hermitian two matrix model which has two matrixes X and Y that interact though TrXY in the matrix model action. There is a vast literature on the subject, see for example [17] .
The one of a particular interest for us is the paper by Kazakov and Marshakov [10] where a simple method for finding spectral curves for hermitian two matrix models is proposed. The model also has applications to 2D string theory [18] .
Anticipating taking the large N limit denote s = g s N as the 't Hooft parameter.
Let introduce two resolvents, one for each set of eigenvalues,
They enjoy the following boundary conditions
The equations of motion (EM) can be conveniently written in terms of the resolvents
There is another form of EM that resembles a hermitian two matrix model. Let U = e u ,
Our goal is to take the large N limit of the above equations and derive the spectral curve.
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In this section we consider the large N limit of the CS matrix model and find the corresponding spectral curve. The spectral curve of the matrix model is a part of the large N dual B model geometry. The goal is to compare the spectral curve of the matrix model to X, the mirror to the conjectured large N dualỸ .
We want to proceed along the lines of [10] by Kazakov and Marshakov, where the spectral curve for the hermitian two matrix model is derived. Although hermitian models are quite different from CS matrix models there is an obvious analogy between their EM observed in (3.10) and (3.11).
In the large N limit the eigenvalue distribution becomes a continuous function and poles of the resolvents spread into the cuts. Since U and V in the EM in the large N limit lie on some cuts the functions W 1 (U) and W 2 (V ) in (3.10),(3.11) are understood as principal values. The EM determine the behavior of the functions U(V ) and V (U)
at infinity and at zero . In addition, as explained in [10] these two functions in the large N limit are inverse of each other
Furthermore, they completely fix the spectral curve of the model. Either one of them is actually the spectral curve. The functions U(V ) and V (U) have the following behavior at infinity
and at zero
To find the spectral curve we are going to apply the method proposed by Kazakov and Marshakov for hermitian two matrix models. It turns out that our case when U(V ) goes to a constant at infinity is more subtle then the general one. So we start with the general case and briefly review the technique. We suppose that U(V ) ∼ V n for big V and V (U) ∼ U m for big U. Then the spectral curve is given by
where the function F (U, V ) is polynomial and only the first three terms with the highest powers of U and V are written explicitly. The functional form of F (U, V ) is completely fixed by the given behavior at infinity. The coefficients of the lower power terms can be found using the known behavior of U(V ) and V (U) at zero and by fixing certain period integrals of the spectral curve. Note that if, for example, n = 0, terms of the
for any integers k and l are completely consistent with the given asymptotic at infinity. It is clear that for this degenerate case one can not determine the functional form of the spectral curve just by looking at the functions U(V ) and V (U) at infinity. However, it is reasonable to consider the matrix model (3.1) as a smooth limit of a matrix model with a potential that has higher powers of V . LetṼ 1 (v) be such thatṼ
When r → −∞ the above potential reduces to V 1 (v). With this new potential U(V ) ∼ V 2 at infinity and so the formula (4.6) with n = 2 and m = 1 can be applied leading to
The next step is to see what coefficients survive taking r → −∞ limit. As it is shown in the appendix the spectral curve for the cubic potential looses three terms in this limit and takes the form
There are four coefficients that can be found by the known behavior at infinity and at zero. Carrying on this calculation one gets
The simplest check of the above expression is to take the limit s = 0. In this limit all eigenvalues must be located at the classical extremum of the matrix model action. That is indeed true. The spectral curve in the classical limit splits into the two independent equations V = e t and V = 1 − U that are precisely the location of the holomorphic P 1 over which the branes are wrapped. The spectral curve also gives us the resolvents where the plus sign in front of the square root is chosen in order to have the correct limit at infinity. Note that the point v = −∞ where the resolvent ω 1 (v) is equal to −s is located on the other sheet of the spectral curve which corresponds to the minus sign before the square root in (4.11). In the next section we calculate the genus zero free energy as an integral over u of the spectral curve so we also need the expression for the spectral curve in the u variable
We now compare our spectral curve to the spectral curve coming from CS on S 3 or It is easy to see that the spectral curve looks very similar to (2.2) that is the mirror to the conjectured large N dual of Y . It turns out that there is a simple coordinate
that brings the spectral curve to the form e t−s/2 e 2û+v − e t+s/2 e 2û − (1 + e t−s/2 )eûv + ev + eû = 0 (4.16) which is exactly the non trivial part of the deformed B model CY X in (2.2). Now it is easy to read off the relationship between the open and closed string Kahler parameterŝ Therefore we have derived the mirror to the large N dual of the local conifold. It coincides with one proposed by Aganagic and Vafa in [5] . This is a strong evidence that the large N conjecture is indeed true.
To further study the large N transition one has to find the matrix model free energy and compare it with the closed string calculation.
Free energy
In this section we calculate the genus zero free energy. As for hermitian matrix models the derivatives of the free energy with respect to t and s can be written as integrals of the resolvents over some noncompact cycles. A useful relationship that we are going to explore through this section is [15] 
where Λ is a point at infinity on the physical sheet of the resolvent and x is a point on the cut. All Λ dependent terms are omitted. The sum g s i v i is very important and represents a period integral, meanwhile the sum g s i u i = ts is trivial and will be omitted. Since we have to sum over both u and v eigenvalues it is convenient to introduce Λ u and Λ v , points on the physical sheet at u and v infinities respectively.
It immediately follows that the derivative of the genus zero free energy F 0 with respect to t can be cast into the form of the integral of the spectral curve
Here, the summed over i EM have been used and all polynomial in t and s terms are skipped. v(u) is given by (4.13). The integral can be easily evaluated leading to
The derivative of the free energy with respect to the 't Hooft parameter is the variation of the matrix model action due to eigenvalues u and v(u) added to the square root cut
The two last sums in the above equation can be converted to the integrals of the resolvents by means of (5.1). Using (5.2) the expression can be further transformed to the form
The last step is to use that u and v are related by the spectral curve (4.10). This takes us to (see fig.2 )
with the result of the integration being
The energy becomes
With the identifications (4.17) this free energy matches the closed string free energy found in [6] .
The fact that ∂ s F 0 is the combination of the integrals over the two independent cycles is a consequence of the half integral shift in 
Conclusion
We have provided a strong evidence that the conjectured large N transition is indeed true. We see that the second Kahler parametert does receive the half integral shift that supposedly comes from the degenerate open string instantons.
We have found the method of calculating spectral curves for the wide class of two matrix Chern-Simons models. It is easy to see that the method works for any polynomial (after exponentiating ) potentials. The spectral curve is given by (4.6).
It is interesting to consider more general Chern-Simons matrix models, for example, the matrix models for the geometries considered in [19] . Given a relative simplicity of matrix model calculations it is conceivable that Chern-Simons matrix models can provide many new interesting examples of large N transitions.
Another intriguing question is to relate universal correlators for 3D partitions in CY crystals to CS matrix models [20] .
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A From cubic to linear potential
The new EM with the cubic potential are U(V ) = (e t − e r V 2 )W 1 (V ), (A.1)
where parameter r is intended to be taken to minus infinity at the end. Our concern is only the behavior of U(V ) and V (U) at infinity which is given by 
